Peptide PEP-1 was synthesized on a Focus Xi Peptide Synthesizer (AAPPTec, LLC, USA) using standard Fmoc-solid phase peptide synthesis protocol. Briefly, 15 mL DMF was added into the reaction vessel (RV) with resin (1 g, 0.57 mmol) and stayed for 40 min. Then 15 mL 20 % piperidine in DMF was added into the RV to remove the N-α protecting group for 40 min. After washed the resin thoroughly with DMF, a solution of the first amino acid Fmoc-Arg (pbf)-OH (1.11 g, 1.71 mmol), HBTU (4.3 mL, 1.71 mmol), DIEA (1.71 mL, 3.42 mmol) and DMF (9 mL) were added to the RV and agitated for 70 min. The first amino acid was grafted to the resin. Then the deprotected process and coupling reactions were continued on until the last amino acid was attached. After the resin was dried, 15 mL cleavage solution were used to obtain crude peptides. The cleavage solution we used consisted of 82.5% TFA, 1% TIS, 5% DI water (Milli-Q A10, Millipore, USA), 1.5% EDT, 5% thioanisole and 5% phenol.
Peptide synthesis
Peptide PEP-1 was synthesized on a Focus Xi Peptide Synthesizer (AAPPTec, LLC, USA) using standard Fmoc-solid phase peptide synthesis protocol. Briefly, 15 mL DMF was added into the reaction vessel (RV) with resin (1 g, 0.57 mmol) and stayed for 40 min. Then 15 mL 20 % piperidine in DMF was added into the RV to remove the N-α protecting group for 40 min. After washed the resin thoroughly with DMF, a solution of the first amino acid Fmoc-Arg (pbf)-OH (1.11 g, 1.71 mmol), HBTU (4.3 mL, 1.71 mmol), DIEA (1.71 mL, 3.42 mmol) and DMF (9 mL) were added to the RV and agitated for 70 min. The first amino acid was grafted to the resin. Then the deprotected process and coupling reactions were continued on until the last amino acid was attached. After the resin was dried, 15 mL cleavage solution were used to obtain crude peptides. The cleavage solution we used consisted of 82.5% TFA, 1% TIS, 5% DI water (Milli-Q A10, Millipore, USA), 1.5% EDT, 5% thioanisole and 5% phenol.
RP-HPLC analysis and purification
Crude peptide was analyzed utilizing a C18 analytical column (5 µm, AAPPTec, LLC, USA). Two mobile phases were used. Phase A contained 99.9 % DI water and 0.1% TFA, and phase B contained 99.9% acetonitrile and 0.1% TFA. For the unknown peptides, the elution strength increased by changing phase B from 2 to 80% over 20 minutes at a flow rate of 1.0 mL/min and detection at 214 nm. Then the elution strength was adjusted by changing the starting and ending composition of the two mobile phases and the elution time until the prominent peaks were separated from other poor peaks. The main peak was separated and collected on the preparative HPLC column (C18, 10 µm, AAPPTec, LLC, USA) using the similar elution gradient but detection at 220 nm. Lyophilized the main peaks and stored the purified peptides in a freezer.
Antimicrobial activities
The antimicrobial activities Minimum Inhibitory Concentrations (MIC) and Minimum Bactericidal Concentration (MBC) of PEP-1 were determined with slight modification of standard methods [1, 2] . PEP-1 was diluted into a serial of concentrations, namely 10mg/ml, 5000µg/ml, 2500 µg/ml, 1250 µg/ml, 625 µg/ml, 313 µg/ml, 156 µg/ml, 78 µg/ml, 39 µg/ml, and 20µg/ml. Bacteria were cultured in these solutions for 24 h at 37 °C and the MIC was the lowest concentration that looked clear with naked eyes. While the clear groups were selected to test MBC. Clear solutions were spread onto agar plates and incubated for 24 h at 37 °C. The number of colony forming units (CFU) on each plate was counted. The MBC is identified by determining the lowest concentration of peptides that reduces the viability of the initial bacterial inoculum by a pre-determined reduction of ≥ 99.9 % (n= 3). 
